The Philippines is highly prone to sediment-related disasters because of its geographical location and natural conditions. The country has active volcanoes, mountainous terrain, numerous fault systems and a tropical climate. Disasters are caused by large production of sediments, weak slope resistance against erosion and landslide and large amount of sediment discharge. Moreover, deforestation and watershed activities, improper settlement of people in hazardous areas, insufficient rainfall and water level information and inadequate forecasting and warning system make people at high risk of disasters. The recent sediment-related disasters in Leyte and Quezon provinces which claimed many lives emphasized the need for intensified hazard mapping and awareness campaigns. Risk management is an emerging paradigm in disaster management, and the government has resorted to combine this concept with structural measures to mitigate disasters. The Laoag River Basin Project provided sabo dams and dikes to contain excessive sediment and overflow, respectively. Likewise, watershed management programs were pursued. Road slope disasters along national highways causing road closures are now a concern for risk management planning and mitigation. Data on collapses and road closures are being collected for prioritization and planning of counter measures. The various agencies comprising the disaster coordinating councils, despite budget constraints, are intensifying their efforts. This paper describes current sediment problems, the aggravating factors and the various approaches being adopted. The constraints and strengthening needs of disaster management agencies in hazard identification and mapping, vulnerability assessment, collapse prediction and risk management, as well as recommendations are discussed.
INTRODUCTION
The Philippines is known as one of the most natural hazard prone countries in the world. For the past 100 years, it was suffered the worst combination of disasters like floods, earthquakes, storm/typhoon, landslides and volcanic eruption. The country is highly prone to sediment-related disasters because of its geographical location and natural conditions. It is located near the equator, at the path of tropical cyclones. Sediment disasters and landslides are caused by large rainfall from typhoons or local storm rainfall. The country has active volcanoes, mountainous terrain, numerous fault systems and a tropical climate.
The Philippines lies on a subduction zone where continental plates of the Pacific and Asia come into contact with each other and is part of a girdle of active volcanoes around the Pacific known as the "Pacific Ring of Fire". There are around 220 volcanoes in the country and 22 of them are considered active. Volcanic eruptions and earthquakes occur occasionally, causing great damage due to landslides, debris flows and lahars.
Large-scale sedimentation of rivers often occurs due to slope failures, landslides and surface erosion especially in hilly and mountainous areas. Aggravated by heavy rainfall, loosened sediment flows down in the form of mud and other debris causing destruction to life and property along its path. Moreover, watershed activities like illegal logging, uncontrolled land development and tillage of sloping areas contribute to increased sediment problems which make the populated settlements at the foot of the mountains or alluvial fans, floodplains and deltas vulnerable to these disasters.
Although the country frequently suffers from a variety of natural disasters, the country's institutions, systems and technologies, and budget for mitigation remains inadequate. Public investment in measures against natural disasters, including human resource development is relatively low compared with other infrastructures. Typical flood infrastructures implemented are dikes, revetments, spur dikes, diversion channels which are focused on the Several disasters have resulted in many losses of lives due to unawareness of the hazard, inadequate warning system and mitigation structures, and the insistence of people to live in hazard areas despite the warnings. This paper presents a review of several studies relating to disaster mitigation in the country, describes several recent sediment-related disasters and their mechanisms for occurrences, looks into the disaster management capacity and poses challenges on risk management to improve the current system.
OVERVIEW OF SEDIMENT DISASTERS
Among the major disasters that have occurred since the 1980s the debris flow in Ormoc, Leyte Island in November 1991 recorded the highest number of casualties (about 8,000 dead and missing). The Central Luzon earthquake in July 1990 recorded the largest property damage. The Mt. Pinatubo eruption of June 1991 affected not only the local but also the national economy, which recorded a negative growth rate in national gross domestic product [World Bank, 2004] . Moreover, massive lahar flows from the slopes buried homes, infrastructure and entire towns. Damage to agriculture was overwhelming -about 77,000 hectares of farm lands were buried under 1-12 ft of volcanic debris [JICA/DPWH, 2004] . Mt. Mayon, the most active volcano in the Philippines, has erupted dozens of times in the past three centuries, inflicting damages in the area, including damages from subsequent lahar flows primarily triggered by intense precipitation.
Features of disasters
The recent debris flows, which devastated several municipalities of the province of Albay in November 2006, were triggered by intense and prolonged rainfall of typhoon Durian (locally known as "Reming"). The extreme amount of rainfall (466 millimeters for a 12-hour period) on the day widespread debris flow occurred supersaturated the thick volcanic soil and highly weathered and sheared bedrocks on the steep slopes of Mt. Mayon. This resulted to the failure of the soil and rock materials that make up the hill slope. The debris flow occurred due to the weakening of the soil structure [FCSEC, 2007] .
Camiguin Island experienced a devastating typhoon in November 2001, resulting in the loss of lives and damages to infrastructure, houses, paddy fields and livestock from flash floods and debris flows. Small, localized rainstorms, referred to as "buhawi", also induce landslides and debris flows though of smaller size and mostly flowing within the confines of river channels [Hipoloto, 2008] . [World Bank, 2004; JICA, 2004] : 1) insufficient discharge capacity of rivers and weak resistance of slopes against erosion, 2) insufficient mitigation measures against floods and sediment disasters, 3) insufficient guidance to people for early evacuation, 4) insufficient evacuation networks in wider areas, 5) access road problems, and 6) insufficient rescue equipment.
Many lives were lost from the disasters in San Francisco, Southern Leyte (December 2003), as well as in Quezon province (December 2004) because of the wrong perception of the people on the concrete building structures as a safe evacuation place, and their poor knowledge of the danger/hazard. The residents in both events realized the danger of initial small scale slope collapses and evacuated to concrete buildings, which then perceived to be safe. After their evacuation, however, a large scale debris flow and slope collapse directly hit and destroyed the buildings, killing most of the residents who sought refuge there. The buildings were actually located at valley outlets of torrents or immediately below steep slopes [Sakurai et al., 2004] .
In Camiguin Island, people did not know what to do during the flashflood and debris flows, as well as where to evacuate safely. The Philippine Fault traverses the municipality of St. Bernard, Leyte, making it a high risk area for landslides. The area was declared as seismically active and indicated as such on a geohazard zone by the Mines and Geosciences Bureau of the Department of Environment & Natural Resources. People were still risked in their settling and their farms. In most cases, there was no warning for evacuation, so people relied on their own judgment for evacuation. In a study on community responses to climate-related disasters in Leyte [Dargantes et al., 2007] , it was established that individual residents have capacity to adapt to their situation based on their own calculations of the levels of risk and vulnerability. Such calculations became more refined depending on the level of site-specific ecological knowledge, technical information from outside sources and the dynamics involved in the exchange and sharing of information among affected parties.
In some instances there were observed environmental indicators of the impending disaster by some residents; e.g., turbid river water and floating vegetation, the misalignment of coconut trees in sloping areas which indicated soil movement, and the presence of small soil collapses. But people ignored them, unaware of the significance of such indicators. Other people realized the danger but ignored the risk.
These disaster events manifest the lack of knowledge and understanding of the people regarding hazards and disasters, and the inadequacy of community warning and evacuation programs and systems.
Road closure disaster
A road closure disaster (RCD) is a disaster which causes closure of the whole or partial width of the road. Road slope failure as a sediment disaster has gained the government's attention because of the increasing occurrences of RCDs, with losses from reopening costs of roads, loss of lives, detour costs, and damages to electricity, communication and other infrastructures installed along the road. This prompted the Department of Public Works & Highways (DPWH), the country's engineering agency, with the assistance of the Japan International Cooperation Agency (JICA), to conduct the recently completed Study on Risk Management for Sediment-Related Disaster on Selected National Highways.
The total length of national highways with the potential road closure is 6%. Based on a 2 year observed data, road closures occurred on the average 2,708 times annually [JICA/DPWH, 2007] . The slope disasters are classified into:
1.) Soil Collapse (SC) 2.) Rock Slope Collapse (RC) 3.) Landslide (LS) 4.) Road Slips (RS) 5.) Debris Flow (DF) 6.) River Erosion (RE) 7.) Coastal Erosion (CE) According to Atienza and Gullerma [2005] , disasters from landslides/slopes failures along major highways could be avoided if drainage is given attention, slopes are properly designed, spoils are dumped on pre-determined sites prior to construction and geological/geotechnical investigation is conducted prior to the design of mitigation structures.
An inventory and database system is now being established at the DPWH to provide a rational basis for prioritization of maintenance and for planning mitigation measures for potential high risk areas. 
DISASTER MANAGEMENT 1.3 National policies and strategies
The disaster management system in the country is embodied in presidential decree (PD) No. 1566, creating the Disaster Coordinating Councils (DCCs) at different levels and providing guidelines for a multi-sectoral, multi-agency and multi-level approach in disaster prevention. The roles and the leadership at each level (regional, provincial, municipal and barangay) are strengthened by RA 7160 which provides the authority and assigns responsibilities to the local government units (LGUs), to develop disaster prevention and management programs. Barangay is the smallest political unit.
The National Disaster Coordinating Council (NDCC) is the highest policy making, coordinating and supervising body at the national level for disaster management in the country. It advises the president of the country on the status of national disaster preparedness and management plans. During disasters, the council recommends to the president the declaration of state of the calamity and the release associate from the national calamity fund.
The NDCC comprises 19 government agencies addressing specific concerns consistent with their mandates, e.g., Department of Social Welfare and Development for affected people's (particularly evacuees) rescue, food and relief; Department of Agriculture for estimation of damage to agriculture and fisheries and technical support for the farmer victims; DPWH for rehabilitation/reconstruction of infrastructures, and provision of equipment for relief activity; among other agencies.
The structure of DCCs is hierarchical and that information for the Barangay Disaster Coordinating Council (BDCC) should pass through the Municipal Disaster Coordinating Council (MDCC). The provincial DCC is chaired by the governor, and the typical groups under a DCC include: Intelligence & disaster analysis, plans and operations, resources and logistics, communication and warning, transportation, evacuation, rescue & engineering, health, fire, security, relief, rehabilitation, public information.
Overview of disaster management capacity
The Final Report of the Study on Natural Disaster Risk Management in the Philippines declares that the disaster management system needs to be enormously improved from both middle and long term viewpoints because there is a critical insufficiency in every area including human resources, technology, equipment, and funding. In order to cope with the requirements of disaster management, it is essential to take an integrated approach, including establishment of regulations, improvement of institutional systems, acquisition of budgets, and promotion of training for professional staff and introduction of equipment.
The DCCs perform emergency response and restoration activities. However, the emergency response capacity of municipal and barangay DCCs is considered to be inadequate in being able to appropriately comprehend in a timely manner, the extent of the disaster conditions, as well as conveying the information to relevant agencies in the upper levels. Moreover, in regions or islands where infrastructure for communication and transportation are not yet well established, there is low comprehension of disaster conditions and provision of emergency response.
There is limited information about the rainfall conditions and forecasting the effects for the area. Consequently, these limitations result in the hampering of necessary evacuation of people and operation of disaster management measures. Station densities for rainfall and stream flow observation are inadequate. For major river basins (catchment area of more than 1,400 sq. km.), the densities of operational rainfall and stream flow gauging stations are only one station per 2,470 per sq. km. and 913 sq. km., respectively. For rainfall onservations, the World Meteorological Organization (WMO) Guide to Hydrometeorological Practices recommends at least one station for every 600-900 sq. km. for flat regions and at least one station for 100-200 sq. km in mountainous area [JICA/DPWH, 2004] . This magnifies the inadequacy of stations for high accuracy and reliability of data. Moreover, there are basic problems in hydrological data collection (rainfall and stream flow), such as unavailability of reliable inventory and information of established gauging stations, lack of coordination with other agencies, and non-involvement of LGUs.
Maps of areas at risk from natural disasters are valuable information and communication tools. This, combined with flood forecast provides an effective means of delineating areas at risk and for communicating this to the decision makers, emergency response team and the public. Roberds and Ho [1997] indicated that vulnerability of population and property in the sensitive area is reduced primarily through restrictions of land use in hazardous areas, either permanent or temporary restrictions (e.g., evacuation, detours), and suitable warning systems. The provision of infrastructure for sedimentrelated disasters has been relatively limited compared with flood infrastructure, which address river improvements and conveyance capacities. Most of the sediment control works have been compared with foreign technical and financial assistance.
The containment of enormous volumes of sediment which contribute to flooding problems and debris flows, through the construction of sabo (soil movement control) dams has just been appreciated with the recent construction of SABO dams along Laoag River in 2007. Figure 3 shows one of the five sabo dams constructed with the assistance of the then Japan Bank for International Cooperation, now JICA. The dams provide new sceneries at the mountain areas and are sometimes the subject of field trips, particularly of students.
A newly introduced infrastructure, a debris flow breaker comprising of steel tubular slits, was recently (2009) constructed in the northern Philippines, with the assistance of the Asian Development Bank and in cooperation with the International Center for Hazard and Risk Management. It was constructed along Kennon Road, one of the high risk areas for road closures from debris flows. Its performance is currently being monitored.
The DPWH is constrained to provide sabo dams in high sediment production areas for mitigation because of high construction costs. If proven effective and maintained well, pilot projects like the debris flow breaker may be adopted for other suitable areas.
CHALLENGES ON SEDIMENT DISASTER RISK MANAGEMENT
Disaster risk management is very essential to enable people to anticipate disasters and take action to protect life and property, and to ensure sustainable social and economic development. Considering the features of disasters, limited resources, the vulnerabilities of people at risk, and the disaster management capacity in the country, several priority challenges need to be addressed.
Strengthening institutional and local capacities
There is a need for human resources development, introduction of new technologies and provision of logistics such as equipment and budget. Agencies providing structural measures and nonstructural measures such as those involved in the preparation of hazard maps, hydrological data generation and database update need to be enhanced. Technical expertise is needed in the identification of disaster prone areas, preparation of geo hazard maps and in the monitoring and warning for evacuation. Forecasting capability may be enhanced with adequate rain and stream flow stations and advanced technologies for increased accuracy of data.
The disaster coordinating councils at all levels of governance, need to be strengthened to be able to respond to the disasters and implement pre-disaster activities. They need human resources development, procurement of equipment for emergency response and improvement of communication system. Community disaster mitigation with disaster management plan and evacuation plan will minimize if not avert loss of life in times of disaster.
Finally, the local government units need to be strengthened to better formulate responses to natural disasters and development plans which incorporate risk management.
Providing structural measures for sediment control
Budgets should be allocated for the construction of infrastructure, and for their maintenance to ensure sustained function. Cognizant of budget constraints, rational prioritization of construction of structural measures such as sabo dams for sediment control should be pursued, based on risk and socioeconomic parameters. Other proven technologies that mitigate the sediment disasters must be constructed in high risk areas.
Improving
watershed/river basin management Rehabilitation of watersheds, reforestation, and adoption of appropriate land cultivation technologies to prevent degradation, erosion and siltation of water bodies should be pursued. Land use plan and zoning should consider the hazard prone areas.
Establishing a proper management system of data/information
It is essential to establish a well-structured information system dealing with the characteristics, natural, social and economic conditions, among others, that influence disasters. Records of disasters are important to understand mechanisms, establishing the threshold values of rainfall that trigger the phenomena.
Topographic maps of the country are being updated, but at a scale of 1/250,000. Topographic maps of 1/10,000 scale which are necessary for planning mitigation measures and for preparing hazard maps must be published. One consideration for prioritization of updating maps may be the severity of disaster potential of an area, based on historical records.
Considering the size of river basins in the country the number of rainfall stations and water level stations should be increased. Rainfall information and water level information are vital for the local government units and the DCCs for forecasting floods, sediment flows and landslide, and warning people for evacuation. Effective sharing and networking of data and information among government agencies, LGUs and DCCS should be established.
Other related information that needs to be updated and managed is the land use map. Database on assets for damage estimation and improvement of disaster management must be maintained. Accuracy and reliability of data and information is vital, particularly for warning and evacuation.
Increasing public and private sector awareness and participation
Community involvement in disaster risk management is essential. The people should be aware on the dangers of living in a hazard prone area. Education and awareness campaign should be promoted. The absence of adequate structural measures magnifies the importance of people's awareness on the hazards to ensure safety of lives and properties.
Improving enforcement of laws and regulations
The unabated degradation of the watershed greatly contributes to the occurrence and the severity of the disasters. While there are laws and regulations on the use of basin resources, full implementation is non-existent. Other related laws, policies and regulations need to be enforced for disaster risk management.
Addressing climate change
The Intergovernmental Panel on Climate Change projected that the global warming would possibly increase storm rainfall intensity causing more severe floods. According to a simulation conducted, storm rainfall intensity in the Philippines would increase by 11 to 20% in 2050 and 14 to 29% in 2100 [JICA/DPWH, 2008] . One predisposing factor for sediment-related disasters is continuous and heavy rainfall. Hence, it is necessary to undertake specific studies to know the specific climate change in any given basin.
CONCLUDING REMARKS
People and communities in the Philippines, because of its geologic, geomorphologic and meteorological characteristics, are continually exposed to the risk of sediment disasters like landslides, debris flows and mudflows. These disasters affect not only communities but infrastructure, such as roads, resulting in road closure disasters.
Warning for these types of disasters is quite difficult since there are no established rainfall threshold values. This exposes the vulnerable people and areas at high risk. Hence disaster risk management applying structural and non-structural measures should be pursued. Challenges faced in risk management include: a) strengthening institutional and local capacities; b) providing structural measures for sediment control; c) improving watershed/river basin management; d) establishing a proper management system of data and information; e) increasing public and private sector awareness and participation f) improved enforcement of laws and regulations; and f) addressing climate change.
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